ABSTRACT
The can be used for the isolation of VL genes.
EXPRESSION

OF IMMUNOGLOBULIN FRAGMENTS IN E. COLI
The development of secretion systems for the production of functional Fv and Fab fragments (18, 21) has led to the use of E. coli as a host of choice for the expression of immunoglobulin fragments.
In these systems, signal sequences such as the pectate lyase (peIB) leader sequence (21), which is derived from the peIB gene of Erwinia carotovora, are linked up in translational frame to the genes encoding immunoglobulin
This results in secretion of the expressed protein into the periplasmic space. Fv fragments can be secreted in yields of 2-10 mg/l of culture and Fabs in yields of 2-5 mg/l (2, 18, 21). Although Fv fragments may have advantages over Fabs due to their small size, the stability of the noncovalent VH-VL domain association appears to be variable. This probably results from differences in the sequences of the third hypervariable (CDR3) loops from one antibody to another. These loops form the core of the antigen-binding site that bridges the interface of the VH-VL domain interaction (23) (24) (25) .
These residues may, if not directly involved, affect the stability of the VH-VL domain interaction by modulation of the conformation of the flanking framework residues. There are several ways of stabilizing the association, as follows.
1 nations of repertoires of VH and VL domain genes (38). The VH genes are isolated from antibody-producing cells using the PCR and primers A (5') and B (3'). The VL genes are isolated from antibody-producing cells in a separate PCR using primers C (5') and D (3'). The VH and VL gene repertoires are randomly combined by splicing together in a PCR with primers A and D, together with single chain (sc) linker primers. These sc linker primers encode a synthetic peptide linker (20) and also have regions of identity or complementarity to primers B (3' of VH genes) and C (5 of VL genes). Open boxes represent the VH and VL domain genes, and stippled boxes represent the sc linker sequence.
transfection, the resulting plaques were screened using radiolabeled antigen. This system differs from the fd system insofar as there are 1-24 copies of the gene VIII protein that are expressed over the entire phage surface. In contrast, the gene III coat protein is expressed in three or four copies per phage particle and these are located at the tip of the particle.
The phage systems (11, 12) should prove to be extremely useful tools for the selection of antigen-binding activities from repertoires.
Alternatively, these selection systems could be applied to the generation of higher-affinity antibodies. After identification of phage with surface-bound binding activities, it is easy to isolate the VH and VL genes by PCR and clone them for secretion from E. coli as either (sc)Fv or Fab fragments, using vectors similar to those shown in Fig. 2B . This allows the selection of fragments of the desired specificity to be followed by purification and characterization. Thus, there are now ways to isolate antibody variabledomain genes by the PCR, to clone these for expression and to select phage which bear fragments with antigen-binding affinities (Fig. 4) 
